Pap test, and especially HPV DNA test, identify a large group of women who do not have any clinically relevant lesions, i.e., CIN2+ (Cervical Intraepithelial Neoplasia grade 2 or worse), but who are at greater risk of getting lesions in the future. The follow up of these women needs new biomarkers with prognostic value. The objective of this study is to evaluate the prognostic value of E6/E7 mRNA over-expression assay (PreTect HPV-Proofer, Norchip) for 5 HR-HPV types (16, 18, 31, 33, and 45) for progression to CIN2+ after a negative colposcopy. This prospective study, conducted at four Italian centres, enrolled 673 women with either a negative colposcopy or a negative or CIN1 histology. The clinical end-point was histological confirmation of CIN2+. Women were classified at baseline according to mRNA results and managed according to local colposcopy protocols. At least one conclusive follow-up test was obtained for 347 women (25 months average lapse since recruitment, range 5-74). Only seven CIN2+ were detected during follow up, three among the 82 women positive for mRNA at baseline, two among the 250 negative (Fisher exact test, p = 0.02), and two among the 12 with an invalid test. Absolute CIN2+ risk was 6.7/1,000 person/years in the whole cohort. The absolute CIN2+ risk was 18.4/1,000 person/years and 3.6/1,000 person/years in mRNA-positive and mRNA-negative women, respectively. In conclusion, E6/E7 mRNA overexpression appears to be a good candidate as a prognostic biomarker to manage HR-HPV DNA-positive women with negative colposcopy or histology, particularly in order to decrease follow-up intensity in those who are negative. 
Introduction
Cervical cancer screening is one of the most effective interventions ever implemented in medicine [1] . The ability of the Pap test, and now of the HPV DNA test, to identify women at risk of precancerous lesions and the availability of effective and relatively non-invasive treatment for these lesions has allowed us to control the incidence and mortality for cervical cancer in most industrialised countries [2, 3] . Many women get abnormal Pap test results in cervical cancer screening [4, 5] and many more will test HPV-positive [6] [7] [8] [9] [10] when HPV is used as primary screening test, although only a few of them will have precancerous lesions, i.e. a Cervical Intraepithelial Neoplasia grade 2 or 3 (CIN2 or 3). While many of these women will require a colposcopy, and many of these colposcopies will not find any high-grade lesion, these women are nevertheless at greater risk of having or developing a CIN2 or 3 for a certain amount of time [11, 12] . This is due both to the low sensitivity of colposcopy [13] [14] [15] [16] [17] [18] and to the progression of the HPV infection from negative histology or CIN1 to more clinically relevant lesions [19, 20] .
These women are difficult to manage since infections and cytological modifications can take a long time to clear and regress [12, 21] . At present, these women are usually referred to a new colposcopy or to cytology at 6-or 12-month intervals until Pap test or HPV DNA are negative.
Biomarkers are needed to identify those HPV infections at risk of developing into a high-grade lesion in a short amount of time, i.e., less than the normal screening interval. The most promising targets for such novel biomarkers are the E6/E7 viral oncogene expression and its molecular consequences [22] [23] [24] . HPV oncogene active transcription and its effects on the host cell can be monitored directly through the detection of E6/E7 viral mRNA transcripts [25] [26] [27] [28] , or indirectly, for example through the detection of the overexpression of the host protein p16 [29] [30] [31] [32] .
Commercially available robust assays for HPV mRNA detection can be performed by reflex after liquid-based cytology or HPV-DNA test [27, [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] .
In this study, we measured the prognostic value -the ability to identify women who will develop CIN2 or 3 during follow up -of the PreTect HPV-Proofer E6/E7 mRNA assay (Norchip) in women with negative colposcopy or CIN1 histology.
Materials and Methods

Setting
This prospective study collected data from four Italian gynaecological prevention clinics: a research hospital (Regina Elena National Cancer Institute of Rome), two teaching hospitals (the ''G. D'Annunzio'' University of Chieti, and the ''S. Andrea'' Hospital, affiliated with the ''La Sapienza'' University of Rome), and one cervical cancer screening centre (the ''F. Renzetti'' Hospital of Lanciano Vasto). All are public institutions and virtually all the tests are paid for by the National Health Care System. The Regina Elena National Cancer Institute Ethics Committee confirmed that the study did not require IRB approval, only IRB notification, based on Italian legislation (determination AIFA of the 20th of March 2008, section 10). Patient consent was not required, based on the Italian personal data protection code (legislative decree no. 196 dated June 30 2003) . The patients were managed strictly following the clinical indications related to their pathology and according to the National Guide Lines and good clinical practice. They did not receive different care on the basis of study findings and study results did not affect patient treatments. All data was analyzed anonymously.
Patients
We recruited all patients who met the following inclusion criteria: they had an mRNA test; they were . = 18 years of age; they had a colposcopic assessment within five months from mRNA test, with negative result without biopsy or a negative or CIN1 biopsy. Women were referred for colposcopy because of an abnormal Pap test or a positive HPV test.
Exclusion criteria were: treatment for cervical lesions in the previous five years or a history of any type of cancer; having a CIN2 or more severe cervical neoplasia (CIN2+) at baseline colposcopy-guided biopsy; undergoing a surgical or ablative treatment during baseline colposcopy.
Enrolment lasted from January 2004 to December 2006. All subjects were followed up until 30 June 2011. Recruitment started from the date of collection of the cervical sample for the mRNA test. Tests performed more than 5 months after baseline assessment colposcopy were considered as follow-up tests in order to rule out that repeated colposcopies were due to technical reasons and to be sure of not including prevalent lesions.
Follow up
Follow up was performed according to local colposcopy protocols. Negativity for CIN2+ at a given time was defined by a negative cytology or a negative HR-HPV DNA test. In the event of ASC-US or more severe cytology or a positive HR-HPV DNA test, being negative for CIN2+ was determined by means of a negative colposcopy or a colposcopy-guided biopsy that was histologically negative or CIN1. When the last follow up episode is a positive cytology or HPV not followed by colposcopy, the episode was considered not conclusive and the follow up was censored at the last conclusive episode. Women were considered positive for CIN2+ only with a histology-confirmed result. Women with surgical or ablative treatment, without histological confirmation of CIN2 or more severe diagnosis, were censored.
Cytological Diagnoses
Cervical samples were taken by cytobrush (Hologic, Rome, Italy) and plastic Ayre's spatula (Hologic) according to the manufacturer's instructions and stored in 20 ml of PreservCyt solution (Hologic) at 4uC until use. Liquid-based cytology was prepared using the ThinPrep 2000 System following the manufacturer's instructions (Hologic). The cytological specimens were reported using the 2001 Bethesda reporting system [42] .
E6/E7 mRNA Detection
Five ml of PreservCyt solution were used for the detection of E6/E7 mRNA of HPV types 16, 18, 31, 33, and 45 within 14 days of sample collection by means of the PreTect HPV-Proofer Kit (referred to as the mRNA test) (Norchip, Klokkarstua, Norway) according to the manufacturer's instructions. mRNA was extracted using the RNeasy Mini Kit (QIAGEN, Italy). The PreTect HPV-Proofer utilizes an isothermal nucleic acid sequence-based amplification (NASBA), which amplifies mRNA in a DNA background, detecting and genotyping HPV transcripts in the same reaction. The amplified products were detected in real time using fluorescent-labelled molecular beacon probes directed against full-length E6/E7 mRNA. Accumulated mRNA fluorescent profiles were analyzed and ascribed positive/negative status, for each type included, by the supplied PreTect analysis software. Human U1 small ribonucleoprotein (U1A mRNA) was used as an RNA integrity/adequacy internal control. When the U1A amplification was not detected, the test result was qualified as invalid.
HR-HPV DNA Testing
Testing for HR-HPV DNA was performed by the HC2 test (QIAGEN), a semi-quantitative signal-amplified hybridization assay for the chemiluminescent detection of the 13 most common HR-HPV types (16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59, and 68), according to manufacturer's instructions. Before performing the HC2 test, 4 ml of PreservCyt solution were processed with the HC2 Sample Conversion Kit (QIAGEN). The positive cut-off (CO) value was considered the mean of the positive control samples. The results were considered positive when the ratio between the relative-light units of the sample (RLU) and the chosen positive CO (RLU/CO) was 1.00 or higher. The repeat zone between 1.00 and 2.50 was not used.
Statistical Analysis
All statistical analyses were performed with STATA software version 11. The difference in CIN2+ incidence between positives and negatives to the mRNA test at baseline, as well as progression to CIN1 and CIN1 persistence, were calculated with the Log Rank test.
Results
The mean age of the enrolled women was 35.6 years (SD = 10.0); the range was 18-71 years, with 96% between 21 and 65 years. Table 1 shows the baseline characteristics of the 673 subjects. Three hundred forty-seven enrolled women had at least one follow-up test (51.6%). Mean follow-up time was 25.2 months, ranging from 5 to 74.4 months. The average number of follow-up tests was 2.1, 1.3, 0.62, and 0.43 for cytology, HR-HPV DNA, colposcopy and histology, respectively.
One hundred sixty-three (24.6%) women were negative for HR-HPV DNA, only three of whom had a positive mRNA test. No CIN2+ occurred in the 81 who had at least one follow-up test.
During follow up, only 7 high-grade CIN, five CIN2, and two CIN3 (Tables 2, 3 , 4, and 5) were identified. The absolute risk was 6.7/1,000 person/years (95% CI 2-16) in the whole cohort. Three CIN2+ occurred in women who were mRNA positive at baseline, two in women mRNA negative at baseline, while the other 2 CIN2+ occurred in women with invalid mRNA result at baseline ( Table 2 ). The absolute risk among mRNA positives was 18.4/ 1,000 person/years (95% CI 4-53) compared to 3.7/1,000 person/years (95% CI 0.4-13) of the mRNA negatives, while the incidence rate ratio was 5.0 (95% CI 0.78-26.9; log-rank test for equality of survival time p = 0.049). Since no CIN2+ occurred in women HR-HPV DNA-negative at baseline, the absolute risk in HR-HPV DNA-negative women was 0 in comparison with 11.2/ 1,000 person/years in the HR-HPV DNA-positive women (95% CI 4-24; log-rank test for equality of survival time in HR-HPV DNA positive vs HR-HPV DNA negative p = 0.152) ( Table 3) . (Table 4 ). Baseline histology was four negative and two CIN1, while one case had no biopsy (Table 5 ). There was no difference in risk for NILM compared to ASC-US or L-SIL cytology (absolute risk 11.7, 95% CI 1-42, vs 3.7, 95% CI 0.5-13), although ASC-H or H-SIL cytology significantly predicted the risk of CIN2+ (absolute risk 97.7, 95% CI 20-257). Table 6 shows the distribution of the genotypes identified among the 82 mRNA positive women who were followed up, stratified by follow-up histology results. Three cases of co-infection with two genotypes were observed among the 63 patients with no biopsy during follow up. Of the three mRNA-positive cases that developed a CIN2+ lesion, two were positive for HPV16 and one for HPV18.
Moreover, as shown in Tables 7 and 8 , there were no differences in progression from negative to CIN1 (8.8% and 9.1% in mRNA negative and positive cases, respectively), nor in CIN1 persistence (23.4% and 27.0% in mRNA negative andpositive samples, respectively).
Discussion
Although the association between E6/E7 mRNA overexpression and CIN severity has been demonstrated in several studies [25] [26] [27] 32, 36] , this is one of the first studies with long follow up of women tested with mRNA and with negative colposcopy or histological results. Our results suggest that E6/E7 mRNA positivity for the five HPV oncogenic types may have a relevant prognostic value for cervical precancer, even if the small number of CIN2+ detected makes the difference only borderline statistically significant and chance might influence our results.
The risk of developing a CIN2+ is five times higher in mRNApositive than in mRNA-negative women. The latter make up about three quarters of our sample and have a risk of 3.7/1,000 person/year, only slightly higher than those in the general population [5] . This information could be used to modulate the follow up after a negative colposcopy or CIN1 histology, if the mRNA test is performed on the specimens collected immediately before colposcopy.
H-SIL and ASC-H cytology identified a small group of women at very high risk, whereas there were no differences between negative and ASC-US or L-SIL cytology.
It must be noted that HR-HPV DNA test is more sensitive than mRNA test and no CIN2+ occurred in the two-year average follow up of the 81 HR-HPV DNA-negative women. Most of the guidelines recommend that the HR-HPV DNA-negative women with negative or CIN1 colposcopy should be referred to normal screening interval [11, 43] , with few exceptions. Furthermore, more recent guidelines [43, 44] generally do not recommend colposcopy for HR-HPV DNA-negative women, unless they have high grade cytology (ASC-H/HSIL). Consequently, in the near future it will no longer make sense to use HR-HPV DNA test to modulate the management of women with negative colposcopy, given that almost all the women referred to colposcopy will be HR-HPV DNA-positive. A lower sensitivity and higher specificity of PreTect HPVProofer assay compared to HPV-DNA tests and to other E6-E7 mRNA tests, have already been reported [36, 40] . A high specificity and a low positivity rate of a HPV mRNA test means low referral rate for colposcopy which is very appealing in a triage setting [39, 41, 45] . Furthermore, sensitivity which is not too close to 100% is a necessary, but not sufficient condition, for a prognostic biomarker able to distinguish between progressive and regressive CIN2 [46] . However, further research is needed to understand whether or not we can use any biomarker in order to decide not to treat a CIN2.
It must be highlighted that two CIN2+ lesions occurred during the follow up of the 27 women with invalid mRNA result, making this group at high risk. Previous studies observed that women with invalid mRNA result were not a random sample of the average tested population [27] , although an increased risk for CIN2+ was never observed. These conflicting results make more evident the need for retesting women with invalid HPV mRNA tests.
Neither the progression from negative to CIN1 histology nor the persistence of CIN1 was associated with mRNA positivity at baseline. This observation, even though limited by the very low statistical power of this study, confirms the idea that CIN1 should not be considered as a screening target, it should not be treated [11] and it has no prognostic value [20, 47] .
Despite the relatively high number of eligible subjects, we had a high proportion of loss to follow up and very low risk of progression to CIN2+ in HR-HPV DNA-positive women compared to what has been found in other cohort studies [19, 48] . Two cohort studies that tested cervical dysplasia biomarkers (E6/E7 mRNA and p16 overexpression) [47, 49] observed that about 25% of the subjects with CIN1 histology worsened. However, as the follow up in these studies included assessments occurring very soon after recruitment, a certain amount of contamination from prevalent lesions cannot be ruled out: in the ALTS study it has been estimated that most CIN3 cases diagnosed within two years were prevalent cases [18] .
There are many possible explanations for the low risk of progression found in our cohort: 1) the study subjects came from a highly screened population, with very low prevalence of high grade lesions; 2) during follow up, in our study the colposcopy and biopsy rate were quite low compared to previous studies [47, 49] ; 3) some CIN1 may have been treated outside of the study with ablative outpatient surgery, diminishing the probability of progression; 4) finally, we tried to reduce contamination from prevalent lesions using very strict criteria in our definition of baseline assessments. It is less probable that true CIN2+ were treated outside of the study and not registered in the clinical records On the other hand, colposcopy of HR-HPV DNA-positive women or histology-negative subjects in the NTCC study had a 2.2% cumulative incidence in 3.5 years, i.e., about 6/1,000/year [50] .
Conclusions
High-grade cytology (H-SIL and ASC-H) is still the strongest predictor of developing a colposcopically detectable CIN2+ and the follow up after negative colposcopy should be intensive for women with this cytology. On the other hand, in well-established screening programmes, women with low-grade cytology may be retested after longer intervals than currently performed. E6/E7 mRNA overexpression for HPV types 16,18, 31, 33, and 45 seems to be a good candidate as a prognostic biomarker to determine the intensity of follow up in HR-HPV DNA-positive women after a negative colposcopy or histology, even though more research is needed.
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